Protein disulfide isomerase in ALS mouse glia links protein misfolding with NADPH oxidase-catalyzed superoxide production.
Protein disulfide isomerase (PDI) is an oxidoreductase assisting oxidative protein folding in the endoplasmic reticulum of all types of cells, including neurons and glia. In neurodegenerative disorders, such as amyotrophic lateral sclerosis (ALS), up-regulation of PDI is an important part of unfolded protein response (UPR) that is thought to represent an adaption reaction and thereby protect the neurons. Importantly, studies on animal models of familial ALS with mutant Cu/Zn superoxide dismutase 1 (SOD1) have shown that the mutant SOD1 in astrocytes or microglia strongly regulates the progression of the disease. Here, we found an early up-regulation of PDI in microglia of transgenic (tg) mutant SOD1 mice, indicating that in addition to neurons, UPR takes place in glial cells in ALS. The observation was supported by the finding that also the expression of a UPR marker GADD34 (growth arrest and DNA damage-inducible protein) was induced in the spinal cord glia of tg mutant SOD1 mice. Because mutant SOD1 can cause sustained activation of NADPH oxidase (NOX), we investigated the role of PDI in UPR-induced NOX activation in microglia. In BV-2 microglia, UPR resulted in NOX activation with increased production of superoxide and increased release of tumor necrosis factor-α. The phenomenon was recapitulated in primary rat microglia, murine macrophages and human monocytes. Importantly, pharmacological inhibition of PDI or its down-regulation by short interfering RNAs prevented NOX activation in microglia and subsequent production of superoxide. Thus, results strongly demonstrate that UPR, caused by protein misfolding, may lead to PDI-dependent NOX activation and contribute to neurotoxicity in neurodegenerative diseases including ALS.